The article presents issue of survival of simulated supply chains depends on the complexity of this chain. Authors analyzed the supply chain with mechanism of coordination of actions. In this article, authors decided to compare three supply chain on a different levels of complexity. For each of this supply chain the simulation model was built, and then the analysis of survival was made. In every model authors analyzed the decision part and transportation part. The first model is the basic simulation model with using the Electronic Bulletin Board, in which one contractor was considered. In second model authors extended the numbers of entities (contractors) in analyzed supply chain to four. In third model the transportation part was extended to be more complexitydifferent contractors can realized the transportation tasks. For each case authors focus on aspects of durability of supply chain as non-renewable systems.
INTRODUCTION
Recent years have shown the constant interest of scientists and practitioners about the knowledge about complex systems, which are created by the cooperating companies. Supply chains, because these are the purpose of our research, are systems that are characterized by high complexity. Supply chains are a system with "multiple actors" and create very complex interrelation. But the supply chain management is a decision process that not only integrates all of its participants, but also helps to coordinate the basic flows: products/services, information and funds [1] . The authors made an analysis on the number of articles about "supply chain" published in SCOPUS web base between 2000 and 2017. They compared the number of articles about "supply chain" when they searched in this base by article title, abstract or keywords, and only by the article title. The results are shown in Figure 1 . It can be notice that a marked upward trend in the years [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] and a stabilization at a high level in the years 2014-2016. Recent years have also shown that the need for more accurate research into the survival of built-up complex systems and their durability is rising. The durability is treated as the ability to not subject to rapid changes, especially with regard to inter-enterprise co-operation, and as the ability to survive under fixed conditions. Each complex system, such as a supply chain, [2] , [3] , a production system [4] , [5] , [6] , [7] , a transport system is composed of several subsystems with interactions [8] .
It was believed that a large impact on the survival of supply chains is exerted by their complexity and size. The more complex is the supply chain, the greater the instability and inconsistency is. Considering a simple supply chain we can expect simple and uncomplicated relationships. Assigned or selected roles will be clearly specified. Thanks to this we can also count on greater coherence of the supply chain. When the number of participants in the supply chain is raising, the number of business contacts is also raising. However, in the absence of proper communication, competence and coordination and ambiguity of tasks, there may be come to some increased supply chain instability. Increasing the number of companies in the supply chain can lead to undermine its cohesion and, consequently, to impermanence and lack of ability to survival. For the purpose of work it was assumed that the simulated supply chain is non-renewable, so it cannot be renewed. This means that in the event of a failure or low level of service (less than 60%) in one of the contactors in the supply chain, it is not repaired or replaced, and the built system "dies". The supply chain is disintegrating, and cooperating links stop cooperating. So if the non-renewable system is at the moment to=0 in the state of ready to work, and in the moment tu it is demaged, so the time interval tuto = tu is time of beinf ready to work for this system [8] . It also means its durability [9] . It should be emphasize that this is a big simplification of the complexity of the simulated supply chain. However, these are the first studies that relate to the survival and durability of metalogistics systems, which based on survival analysis. The purpose of the study is to compare survival curves for three simulated supply chains and an attempt to interpret the results. The structure of work is as follows: the second part presents simulated variants of non-renewable supply chains. The third part deals with survival analysis for the simulated supply chains and includes a comparison of survival curves. In this section an attempt to interpret the results was made. The whole is finished by a summary, in which further directions of research are indicated.
THREE SIMULATION MODELS -THREE LEVELS OF COMPLEXITY OF THE SUPPLY CHAIN
Authors decided to compare three simulations models of presented mechanism of coordination of tasks in the supply chain. Two of them were presented in [9] [11] . The third model has been built for purpose of this article. Every successive model is more complex. The goal is an analysis and comparison the survival of complex systems with an actions coordination mechanism for these three models.
The observed values in every models was the survival time for object -it consists of decision and transportation operation time for each cycle. Authors analyzed the supply chain as a complex system, in which they focus in two flows: informations and materials. This two flows have to be coordinate. Proper sharing of information is one of the conditions of coordination and it is also a chance for companies for a success in today's market. Authors decided to analyzed the mechanism of coordination with the use of the Electronic Bulletin Board. This mechanism is represented in detailed in [2] , [3] , [12] . In this mechanism the relation betweend tasks and subtasks (which numbers result from the order size) are well-defined. The concept of this mechanism is presented at figure 2.
Figure . Reference model: The Electronic
Bulletin Board [2] .
Based on presented mechanism of Electronic Bulletin Board was built the first simulation model. And in next steps it was extended, to make more complexity case.
In every models authors analyzed only one size of orderthe small order. From the size of order depend: the time of each activity, number of tasks and subtask for one order. The decision of analyzing only small order was dictated because of: complexity (many operations) of process, definition of each process time by a random distribution and possibility of clear analysis of the survival time for the order. In every simulation model authors analyzed 100 orders. The time of experiments was equal 180 days.
First -basic simulation model with using the Electronic Bulletin Board
In the first version of model (detailed presented in [11] ), authors built the simulation model which consist of decision part and transportation part. First part includes the activity presented at figure 2 (A1 -A18). Second part consists of three operation: T1 -the operation of transport realization, T2 -the operation of determination the satisfaction level of the implemented service, T3 -the operation of checking the service's satisfaction and making the decision of reject the object or re-admission to the circulation (the decision on further cooperation). In the transportation part is analysed only one whole task -for one order. The algorithm of transportation part with all details is presented at figure 3.
Transport realization
T t = 2*T dp or T t = 3*T dp Time of all operations in decision part T dp Decision about continuing the cooperation (survival of the object)
START
Reject the object (end of life)
Return the object to the first operation in the decision part (A1)
Yes No Figure 3 . The algorithm of transportation part [11] .
In this model the following assumptions were defined: 1) The transportation time is 2-3 times longer since the decision-making process (Tdpc1) which consists from time of steps A1 to A18. 2) The satisfaction level at the beginning is equal to the 50%. If the time of realization of decision and transportation activities in the contractor will be lower than 6000 min, this level is increasing 10%, if not is decreasing 5%. Simultaneously it was assumed that the level of satisfaction can be up to 95%. 3) If the satisfaction level at the end of transportation part is greater than or equal to 60% -the order comes back to first activity in decision part, with actual satisfaction level. If not -the task is rejected. More information and detailed assumptions are described in [11] .
Second simulation model with using the
Electronic Bulletin Board Next simulation model is an extended version of first model. In this model authors extended the number of entities (contractors) in the analyzed supply chain. The number of contractors was four. Again each entity consists of decision and transportation parts. The decision part looks like the same as in example one. In transportation part was made some changes, because of transfering the task from one to the next contractor, and in the last entity it is making the decision about thr readmission to the first contractor or rejection the order. Rejection means the end of life for task. Again, in the transportation part is analysed only one whole task -for one order. Figure 4 presents the algorithm of flow in described model. For this model the following assumptions were defined:
1) The transportation time is 2-5 times longer since the decision-making proces (Tdpc1) which consists from time of steps A1 to A18. 2) The satisfaction level at the beginning is again equal to the 50%. If the time of realization of decision and transportation activities in one contractor will be lower than 12000 min, this level is increasing 10%, if not is decreasing 5%.
Simultaneously it was assumed that the level of satisfaction can be up to 95%. 3) If the satisfaction level in the last (fourth) contractor in supply chain is greater than or equal to 60% -the order comes back to first activity at first contractor, with actual satisfaction level. If not -the task is rejected. 
Third simulation model with using the Electronic
Bulletin Board Next simulation model is an extended version of second model. Again, in this model we can distinguished four contractors, each of them consists of decision and transportation part. Authors extended the transportation part -instead of one (whole) transport task, now this number depends on number of tasks in decision part. For example, if the order divided into 6 task in decision part, in transport task we have also 6 tasks. Additionally, assumed that parallel can be realized 5 tasks (getting the 5 subcontractors in transportation). The time of realization the transport is time from starting the first transport task to the moment of ending the last transportation task in the one contractor in supply chain. The other assumptions stay unchangeable, as was defined in model version 2.
THE COMPARISON OF THE ANALYSIS OF SURVIVAL FOR SIMULATED SUPPLY CHAINS AND THE INTERPRETATION OF RESULTS
The survival analysis comes from the medical research (as the name indicated) but is also used in other studies [13] , [14] , [15] , [16] . Characteristic for this analysis are the so-called censored data. They indicate that the event did not occur until the end of the observation. The main research object is the so-called a survival function, which determines the probability that the system will survive longer than a given time t [17] :
where: S(t) -estimated survival function, Π -symbol of the product, mt -number of objects in which end point occurred in the t period, nt -number of all objects exposed to occurrence of end point in the t period.
Based on the survival function estimator, it is possible to plot a graphic representation of the survival curve and the comparison of such curves. The survival curve is a graphical presentation of one of parameters of the lifeduration table -the number of systems which alive to the established time. It is a curve that decreases its value to 0. As a result of the conducted simulations and numerical tests, the survival curves was obtained.
First -basic simulation model with using the Electronic Bulletin Board
The analysis of survival of a simulated complex system takes the following assumptions into account: (1) the objects of observation are simulated complex systems;
[…]; (3) the survival time of the examined objects is the total operating time; (4) The data covers the period 6 months; (5) the initial event is the starting point of observation of a simulated process; (6) the final event for the object is the end point or the end of the study [11] . For work purposes, the number of simulated orders has been unified by adapting it to the number, which correspond to the number of orders in second and third simulations. Thus, the following graph ( Figure 5 ) and data analysis refers to the supply chain for 100 jobs that have been simulated. In order to make a good comparison, the duration is also standardized. In relation to work [11] , the time intervals of simulated complex systems (objects) were shortened. Decade time periods were established ( Figure  5 ). A total of 23 objects did not survive in the second period. In the subsequent time intervals the number of objects that did not survive is considerably lower. It is rising again in the penultimate time interval with a number of 24 objects. Throughout the study, 50 of the simulated complex systems did not last. Termination of the cooperation was associated with a lack of satisfaction with the implemented service. The level of satisfaction with the cooperation could not be lower than 60%. The survival function for all objects (Fig. 5) confirms the great psychological significance of the early stages of cooperation, which determine the continuance of the complex system. The estimated survival function decreases with time, and stabilizes at level 0.72. The results of hazard function indicate that after the first time interval the probability of not surviving within the next time interval is much lower. The intensity function for the tested cohort of objects takes the shape of the letter U, with a minimum in the time interval of five to eleven periods (31-100 days). 
Second simulation model with using the
Electronic Bulletin Board A total of 49 objects did not survive in the survey. Termination of the cooperation was associated with a lack of satisfaction with the implemented service. The level of satisfaction with the cooperation could not be lower than 60%. A total of 48 objects did not survive in the eight and nine periods (61-80 days) from the start of the study. Fifty one of the simulated objects were censored in the study. This means that these objects have survived until the last moment of observation, which is the end of the study. They represent 51% of the study cohort. The survival function for all objects confirms the great psychological significance of the eighth and ninth stages of cooperation (61-80 days), which determine the continuance of the supply chains (Fig. 6 ). The intensity function for the tested cohort of objects takes the shape reversed of the letter U, with a maximum in the time interval of 71-80 days (ninth period). Therefore, after exceeding this time interval the risk of termination of cooperation decreases again.
(1)
3.3 Third simulation model with using the Electronic Bulletin Board A total of 50 objects did not survive in the survey. Termination of the cooperation was associated with a lack of satisfaction with the implemented service. The level of satisfaction with the cooperation could not be lower than 60%. A total of 47 objects did not survive in the seven, eight and nine periods (51-80 days) from the start of the study. Fifty of the simulated objects were censored in the study. This means that these objects have survived until the last moment of observation, which is the end of the study. They represent 50% of the study cohort. The survival function for all objects confirms the great psychological significance of the seventh, eighth and ninth stages of cooperation (51-80 days), which determine the continuance of the supply chains (Fig. 7) . The intensity function for the tested cohort of objects takes the shape reversed of the letter U, with a maximum in the time interval of 71-80 days (ninth period). Therefore, after exceeding this time interval the risk of termination of cooperation decreases again.
CONCLUSIONS
The conducted study suggests that survival analysis can provide reliable information about periods, when the cooperations is ending. Depending on the compexity of supply chain, the time of ending is different. Using simulated models to analyze the survival, can make that the avoidance of costly process of re-searching for a business partner can be possible. The first simulated supply chain system has two life cycles associated with greater mortality. It is characterized by high mortality in the 'young' period, gradually decreasing in maturity to grow again during the 'aging' period. Two next models of supply chains have a similar shape of survival curve. The shape resembles the stairs. It indicates that there may be periods of increased mortality. Ustalono również dalsze kierunki bad The further research directions have been established. The first major issue is the simulated supply chain model. In the future it is planned to develop an extensive and dynamically changing model of the renewable system. This means that the built system will vary depending on the complexity of the order and the number of participated business partners (contarctors) in the system.
The second issue that needs to be expanded is the analysis of a comparison of built systems, that requires to defined few variables: (1) the variable of survival time, (2) indicator variable, which will informed if the observation has comlete or cut character, and (3) variable which shows the categorization.
